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SUMMARY. The disease burden of hepatitis C virus (HCV) is
expected to increase as the infected population ages. A model-
ling approach was used to estimate the total number of vire-
mic infections, diagnosed, treated and new infections in
2013. In addition, the model was used to estimate the change
in the total number of HCV infections, the disease progression
and mortality in 2013-2030. Finally, expert panel consensus
was used to capture current treatment practices in each
country. Using today’s treatment paradigm, the total number
of HCV infections is projected to decline or remain flat in all

countries studied. However, in the same time period, the
number of individuals with late-stage liver disease is projected
to increase. This study concluded that the current treatment
rate and efficacy are not sufficient to manage the disease
burden of HCV. Thus, alternative strategies are required to
keep the number of HCV individuals with advanced liver
disease and liver-related deaths from increasing.

Keywords: diagnosis, disease burden, epidemiology, HCV,
hepatitis C, incidence, mortality, prevalence, treatment.

INTRODUCTION

It is estimated that >185 million people were infected with
the hepatitis C virus (HCV) in 2005 in the world [1]. HCV
infection can lead to liver damage resulting in liver fibrosis,
cirrhosis, decompensated cirrhosis and hepatocellular carci-
noma (HCC) [2]. Individuals with more advanced stages of
liver disease may require transplantation, and HCV
remains a leading indication for liver transplants [3].

Abbreviations: G, Genotype; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; IDU, injection drug use; INE, National Institute
of Statistics; Peg-IFN, Pegylated interferon; PI, protease inhibitor;
RBV, ribavirin; RNA, ribonucleic acid; SMR, standard mortality
ratio; SVR, sustained viral response; UN, United Nations.
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The aim of this study was to estimate the current and
future impact of HCV disease burden if the current treat-
ment paradigm and response rate continued. A model was
developed to forecast HCV disease progression and the
number of cases at each stage of liver disease by country.

METHODOLOGY

Inputs

The historical epidemiology of HCV was gathered through
a literature search, analysis of unpublished data and dis-
cussion with expert panels, as described previously [4].
When no input data were available, analogues (data from
countries with a similar healthcare practice and/or risk
factors) or expert inputs were used. Ranges were used to
capture uncertainty in inputs with wider ranges implying
greater uncertainty.
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As shown previously [4], HCV epidemiology data were
reported in different years. Therefore, a mathematical
model was used to estimate the 2013 HCV-infected popula-
tions for all countries.

Model

A disease progression model was constructed in Microsoft
Excel® (Microsoft Corp., Redmond, WA) to quantify the
size of the HCV-infected population, by the liver disease
stages, from 1950-2030. The size and impact of the HCV-
infected population prior to 1950 were considered negligi-
ble for the purposes of this analysis. The model was set up
for sensitivity and Monte Carlo analysis using Crystal
Ball®, an Excel® add-in by Oracle®. Beta-PERT distribu-
tions were used for all uncertain inputs. The Excel® optimi-
zation add-in, Frontline Systems’ Solver, was used to
calculate the number, age and gender distribution of the
annual acute infections as described below.

Microsoft Excel was selected as a platform due to its trans-
parency, availability and minimal need for operator training.
The disease progression was modelled using the flow shown
in Fig. 1 and calculations shown in Equation 1.

TOtalcasesStnge,. Year, AgeCohort. =

4
(g) (TOtulcasesStagex Year, 1 AgeCahort;)

1
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The model started with the annual number of acute
infections that progressed to chronic HCV (viremic) infec-
tion after accounting for spontaneous clearance of the
virus. The progression of these new cases was followed
along with all chronic infections from prior years. Unless
specified, the scope of the model was limited to viremic,
HCV ribonucleic acid (RNA) positive cases. Nonviremic
cases (those which spontaneously cleared the virus or were
treated and cured) were not considered even though they
would test positive to HCV antibodies and may still pro-
gress to more advanced stages of liver disease despite viral
clearance [5].

Total cases, at any stage of the disease, were calculated
as described in Equation 1. The total number of cases at
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Fig. 1 The flow of the HCV disease progression model.
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each stage of the disease was tracked by age and gender.
Five-year age cohorts were used through age 84, and
those aged 85 and older were treated as one cohort. Each
year, one fifth of the population in each age group, except
for 85 and older, was moved to the next age cohort to sim-
ulate aging.

Total number of HCV infections

The historical number of HCV infections, and the age and
gender distribution, were gathered through a literature
search and discussions with an expert panel [4]. These
data were used to estimate the historical number of new
HCV infections as described below. The total annual num-
ber of viremic HCV cases and the age/gender distribution
were calculated by adding the total cases for every stage of
the disease outlined in Fig. 1.

New HCV infections

When available, the reported/calculated number of new
infections was used. In most countries, the number of new
HCV infections was not available and was back-calculated.
Equation 2 describes that at any point in time, the total
number of HCV infections equals the sum of all new infec-
tions minus the number of spontaneously cleared cases,
all-cause and liver-related mortality and cured cases.

TotalHCVInfectionSyeqr, =
X
Z (NewInfections; — SpontaneouslyCured;
=1950

— Mortality, — Treated Cured;)

The number of new infections was back-calculated using
a two-step process that first calculated the annual number
of new cases, followed by the age and gender distribution
of these cases. The annual number of new cases was calcu-
lated using the known number of total HCV infections in a
given year in a country. The model calculated the annual
number of all-cause mortality, liver-related deaths and
cured cases as described below. A spontaneous clearance
rate of 18% (15-45%) was used [6-8] except as noted
below.

The Excel® optimization add-in, Solver, was used to
determine an average number of new infections per year,
which resulted in the right- and left-hand sides of Equa-
tion 2 becoming equal. However, the annual number of
new cases did not remain flat since 1950. Thus, an
annual relative incidence value was used to describe the
change in the number of new infections over time. Rela-
tive incidence was set to one in 1950, and a discussion
with the expert panel was used to identify the years when
new infections peaked using the risk factors common in
the country (nosocomial infections, injection drug use,

© 2014 John Wiley & Sons Ltd
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etc). Peak years were typically in the early 1990s, prior to
implementation of blood supply screening and before the
potential implementation of needle exchange programmes
for IDU. Discussions with the expert panel were also used
to estimate any decline in relative incidence due to a
reduction in risk factors, including blood screening and
implementation of needle exchange programmes for IDU.
A curve was fitted from 1950 to the estimated peak, and
a second curve followed the decline in relative incidence.
Excel® Solver was used to determine a constant that,
when multiplied by the relative incidence, resulted in the
right- and left-hand sides of Equation 2 becoming equal.
This resulted in the estimated annual number of new
cases to change over time.

When immigration from endemic high-risk countries
was highlighted as an important source of new infec-
tions, the annual number of new cases due to immigra-
tion was calculated by gathering net annual
immigration, by country of origin and from national
databases, regarding the anti-HCV prevalence in the
country of origin. Studies in Germany showed that preva-
lence in the Turkish population living in Germany was
similar to those living in Turkey [9,10]. In countries
where immigration was highlighted, the estimated annual
number of new infections had two components — acute
infections and immigrants. The forecasted disease burden
was similar when new cases, due to net immigration,
were grouped with acute infections vs. when they were
treated as a separate population. In countries that
reported age-specific data, the average age of immigrants
was found to be 30 years. The viremic rate ranged from
62-82% [4], and 65-85% of acute infections progressed
to chronic infections [6-8]. By grouping the immigrant
cases with the acute cases, the progression to chronic
HCV had the same impact as if the same population were
adjusted for per cent viremic.

In the second step, the age and gender of the acute
infections were calculated using the age and gender distri-
bution of the total infected population in a given year. The
Excel® optimization add-in, Frontline Solver, was used to
back-calculate the age and gender distribution of the new
infections in 1966 and every five years thereafter until the
year of known distribution in the total infected population.
The age and gender distribution in years 1950-1965 was
set to equal to 1966 and trended linearly between the 5-
year increments. Constraints were used to limit how the
number of new infections was allocated by age and gender
— <5% of new cases in a given year could be allocated to
age cohort <14, and 70-85+ years old and <20% of new
cases could be allocated to age cohorts between 15—
69 years old. These constraints were relaxed when coun-
try-specific information was available regarding high level
of infections in given years. For example, in countries
where IDU was a major risk factor, the per cent of new
infections allocated to specific age groups was increased.
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Progression rates

Disease progression was simulated by multiplying the total
number of cases at a particular stage of the disease by a
progression rate to the next stage (Fig. 1). The rates were
gathered from previous studies [6—8,11-16] or calculated
using known number of HCC cases/mortality as explained
below.

Fibrosis progression rates were derived from US data
(Table 1). The reported number of new annual liver can-
cers (by gender) and liver cancer deaths in 1999-2009
from the US Surveillance, Epidemiology and End Results
(SEER) programme was used to back-calculate the fibrosis
progression rates required in the model to match published
data. It was assumed that 90% of all liver cancers were
HCC [17], and 36-40% of HCC cases were due to HCV
[18,19]. Age-specific progression rates in the UK were used
as guidance when back-calculating progression rates [20].
In this model, the UK data provided the most satisfactory
results when compared to similar studies in other countries
[12,13,21]. When actual number of HCV-related HCC
cases, HCC deaths or decompensated cirrhosis cases was
available in a country, the fibrosis progression rates were
modified to fit reported data. In France, previously pub-
lished progression rates were used [22]. In Egypt and Tur-
key, the F1-F2 progression rate was reduced by 20% to
account for lower alcohol consumption. In Australia, the
Kirby Institute reported the annual number of HCV cases
by disease state [23]. The F1-F2, F2-F3 and F3-F4 were
increased by 25% to fit reported data. This increase could
be attributed to high rates of alcohol intake and a
predominantly male-infected population [13]. In Portugal,
a flat progression rate for all ages provided a more satisfac-
tory result. The progression rates used in Portugal were as
follows: FO to F1 (11.7%), F1 to F2 (8.5%), F2 to F3
(12%), F3 to F4 (11.6%). In Egypt, the spontaneous clear-
ance rate for the new infections was set to 33% (15-45%)
among males and 45% (15-45%) among females. Addi-
tionally, the spontaneous clearance rate for both genders
was 26.2% (22.7-30.2%) in England and 23% (15-45%)
in Canada.

The number of new cases at a stage of the disease (New
Cases stage x) Was calculated by multiplying the progression
rate and the total number of cases at the previous stage of
the disease in the previous year (Total Cases sage x—1, vear
v—1). As shown in Equation 1, the total number of cases
was adjusted for aging, all-cause mortality and cured in
any given year.

All-cause mortality

The all-cause mortality rates by age and gender were gath-
ered from the Human Mortality Database [24] unless sta-
ted otherwise. The rates were adjusted for incremental
increase in mortality due to injection drug use (IDU) and

transfusion, as described previously [25]. Unless specified, a
standard mortality ratio (SMR) of 10 (9.5-29.9) was used
for the portion of the HCV-infected population who were
active IDU between ages 15 and 44 [26-31]. An SMR of
2.1 (1.3-17.6) was applied to all ages for the portion of
the population infected due to transfusion [32]. In all
countries studied, new HCV infections due to transfusion
were no longer a risk factor. A linear declining rate was
applied to get the per cent of total infections attributed to
transfusion to zero by 2030. When country-specific all-
cause mortality rate among HCV cases was available, it
was used in place of the above mortality model.

Australia

Based on expert consensus, it was estimated that 38% of
the infected population were active IDU in 2013. A
national study reported that 1.2% of the viremic popula-
tion were infected through transfusion [33].

Austria

In 2008, it was estimated that 24.6% of the HCV popula-
tion were active IDU and 25% of the population were
infected through transfusion [34].

Belgium
In 2004, IDU (27%) and blood transfusion (23%) were the
primary risk factors for HCV [35].

Brazil

Based on data from a national study, it was estimated that
5.1% of the prevalent population were active IDU and that
14.8% of the prevalent population were infected through
transfusion [36].

Canada

It was estimated that 22% of the prevalent population
were active IDU and 11% were infected through transfu-
sion in 2007 [37].

Czech Republic

It was estimated that in 1998, transfusion accounted for
15% of the HCV infection [38]. Transmission of HCV infec-
tion through transfusion has been declining since 1998
and is no longer considered a risk factor. The most com-
mon route of HCV transmission is through IDU. In 2012,
65.2% of individuals diagnosed with HCV reported past or
present IDU [39]. In 2007, it was estimated that 32.4% of
IDUs entering weaning programmes were anti-HCV posi-
tive [40].

Denmark

Only 4.6% of HCV infections were due to transfusion expo-
sures in 2009 [41]. By contrast, 30% of HCV infections
were active IDU. An IDU SMR of 18 was chosen, as it
results in an annual IDU mortality of ~2%, which was

© 2014 John Wiley & Sons Ltd
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consistent with the literature [42,43]. Nosocomial trans-
mission was associated with 5% of cases reported to the
National Registry of Communicable Diseases in 2009—
2011. Fewer than half of these infections were acquired in
Denmark before screening of blood donors was initiated in
1991, with the remainder originating from hospitals out-
side of Denmark [44-46]. Sexually transmitted cases were
on the rise, with an incidence of HCV infection of 0.4% in
the MSM population [47].

Egypt

Background mortality rates by age group and gender from
1950 to 1989 were calculated using United Nations (UN)
mortality data [48]. For 1990-2011, mortality rates
reported by the World Health Organization (WHO) were
used [49].

It was estimated that 0.5% of the prevalent population
were active IDU based upon the HCV prevalence rate in
Egyptian IDU [50] and total IDU population in Egypt [51].
It was estimated that 24.3% of the prevalent population
were infected through transfusion, according to EDHS
[52]. Excess diabetes in the HCV prevalent population, as
compared to the general population, was 9.7% [53], and a
standard hazard ratio for hospitalization was used as an
analogue for excess
(SMR = 2.1) [54].

mortality in this population

England

In 2004, there were an estimated 59 100 active IDU with
HCV (40%) [55]. From 1996 to 2012, 2% of laboratories
reported transfusion as a risk factor [55].

France

Based on data from a national study, it was estimated that
26% of the prevalent population were IDU and that 35%
were infected through transfusion in 2004 [56].

Germany

An estimated 45.5% of the infected population reported a
primary risk factor for IDU [57], and approximately one-
third was thought to be active IDU. Approximately 17.4%
of HCV infections were from transfusion [57].

Portugal

Age group and gender-specific mortality rates from the
National Institute of Statistics (INE) were used for years
1982-2012 [58]. Using published data and expert panel
input, it was estimated that 1% of the overall infected pop-
ulation was active IDU in 1980, increasing to 12.8% in
2000, then decreasing to 7.9% in 2005, and finally
decreasing to 1% in 2012 and continuing at 1% thereafter
[59,60]. Increased mortality among active IDU was esti-
mated using an SMR of 11.6 for individuals between 15
and 44 years of age. This was based on a study of drug-
related mortality in eight European countries, including

Portugal [61], and was adjusted to account for gender dif-
ferences [58,62]. It was estimated that 15.2% of the HCV
population were infected through transfusion [63].

Spain

All-cause mortality rates for the years 1970-2011 were
estimated by 5-year age and gender cohorts using death
statistics from INE [64]. It is estimated that from 1994 to
1996, transfusion accounted for 25.5% of the transmission
of HCV infection, whereas past or present IDU accounted
for an estimated 10% [65]. Transmission of HCV infection
through transfusion and IDU has been declining since
1996. Currently, the most common route of HCV infection
is through nosocomial infection, accounting for approxi-
mately 73% of infections in 2005 [66].

Sweden

The non-liver-related mortality in the HCV cohort in Swe-
den was studied in detail and published [67]. A separate
adjustment for IDU and transfusion risk factors was not
necessary. Increased mortality among the HCV viremic
population was accounted for using SMRs by 5-year age
and gender cohorts, as identified through the Swedish HCV
cohort from 1990 to 2003. SMRs were calculated using a
6-month lag time after HCV notification to reduce the risk
of selection bias.

Switzerland

Mortality data by the Swiss Federal Statistics Office (FSO)
[68] were used to estimate rates for all-cause mortality. An
SMR of 5.5 was used for active IDU cases due to the effec-
tive harm reduction systems in place for people who use
drugs. Approximately 21% (15 000) of the anti-HCV posi-
tive population were active IDU. This figure was derived
from an estimated total of 25 000 people [69] with prob-
lematic heroin use and an anti-HCV prevalence of approxi-
mately 60% [70,71]. Approximately 11% of HCV
infections were from transfusion [72].

Turkey

All-cause mortality for the years 2009-2012 was esti-
mated using published death statistics from the Turkish
Statistical Institute [73-75]. Historical mortality for the
years 1950-2008 was estimated using 5-year Turkish
death statistics provided by the UN [76]. It is estimated
that transfusions accounted for 35.3% of the transmission
of HCV infection, whereas past or present IDU accounted
for an estimated 1.4% [77].

Diagnosed

The total number of diagnosed cases was collected and
reported previously [4]. To estimate current and future total
diagnosed cases, it was assumed that the number of newly
diagnosed cases stayed the same as the last reported year.

© 2014 John Wiley & Sons Ltd



Treated & cured

As described previously [4], analysis of pegylated interferon
(Peg-TIFN) or ribavirin (RBV) units sold, or national data,
were used to estimate the total number of treated HCV
patients. It was assumed that the number of treated
patients stayed constant between 2011 and 2013. It was
also assumed that the number of treated patients for each
genotype was proportional to the genotype distribution of
the HCV-infected population [4].

The annual number of cured patients was estimated
using the average sustained viral response (SVR) rate in a
given year. A separate average SVR was used for the major
genotypes, as shown in Table 2. Different methods were
used to estimate the average SVR. All countries took into
consideration a weighted average of different treatment
options in a given year — interferon-based therapy in com-
bination with RBV (dual therapy) or with RBV and a pro-
tease inhibitor (PI) (triple therapy). Some also took into
consideration the percentage of the population who were
treatment experienced and treatment naive on each treat-
ment option, while other countries took into account the
disease stages of the patients being treated (e.g. F1, F2, F3
and F4). In 2013, the average SVRs for all countries stud-
ies were as follows: G1 — 53% (38-70%), G2 — 72% (50—
90%), G3 — 64% (40-71%), G4 — 50% (38-61%). The
country-specific SVR by genotype is shown in Table 2.

The number of cured patients from all genotypes was
summed by stage of the disease and distributed proportion-
ally among age eligible cohorts (see below). If the treat-
ment protocols in a country recommended treatment of
patients aged 20-69, the number of cured patients was
distributed based on the number of cases in each cohort
between ages 20 and 69, and it was assumed that no one
younger than 20 or older than 69 was treated and cured.

Treatment protocols

The pool of patients who could be treated was impacted by
explicit or implicit treatment protocols. Explicit protocols
were determined by national or international guidelines,
whereas implicit protocols were determined by actual prac-
tice in the country. In 2013, decompensated cirrhotic
patients were considered ineligible in all countries.
According to the literature, approximately 40-60% of
HCV patients are eligible for Peg-IFN/RBV [78,79]. The
definition of eligibility included contraindications to the
drugs (e.g. psychiatric conditions) as well as patient’s pref-
erence. In this analysis, 20-65% of the patients were con-
sidered treatment eligible (Table 2) for standard of care.
The standard of care varied across countries and geno-
types. High and low SVR rates for genotype 1 (Table 2)
were indicative of availability of triple therapy (Peg-
IFN + RBV + PI). High SVR rates were observed when tri-
ple therapy was made available to early-stage genotype 1

© 2014 John Wiley & Sons Ltd
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patients, while low SVR rates were observed when triple
therapy was restricted to patients with late-stage liver dis-
ease. The numbers reported here represent a weighted
average of all patients and therapies.

In each country, the expert panel provided the most com-
mon stages of fibrosis considered for treatment (see Table 2).
Many countries use, or are starting to use, non-invasive test-
ing methods to determine the level of fibrosis on patients.
However, the Metavir scale is still the gold standard, and it
was used in this model to represent the severity/stage of liver
fibrosis. The age of the patients was also considered. Table 2
outlines the most common age bands considered for treat-
ment. The data presented here do not imply that patients
with lower Metavir score or older/younger patients were not
treated in each country. Instead, the data provided a range
for the majority of treated patients.

Future treatment protocols

In this analysis, it was assumed that the future treatment
paradigm will remain the same as today. Thus, all assump-
tions (the number of acute cases, treated patients, per cent
of patients eligible for treatment, treatment restrictions, the
number of newly diagnosed annually and the average SVR
by genotype) were kept the constant in future years.

RESULTS

The results of the analysis for 2013 are shown in Table 2.
Figure 2 shows the age distribution of the HCV-infected
population by country. Table 3 compares the change in
HCV disease burden in 2013 and 2030, while Figs 3 and
4 show the projected HCV disease burden between 1950
and 2030. It should be noted that decompensated cirrhosis
figures excluded those who received a liver transplant.

Australia

Changes over time in incidence were based upon published
estimates of annual new cases [80]. New cases peaked in
1999 and have since declined, with the main risk factor
being IDU [33]. An estimated 8900 new cases occurred in
2013.

Based on expert consensus, it was estimated that approx-
imately 50% of treated patients in 2013 were classified as
FO/1 with the remaining patients classified as F2/3 or cir-
rhosis.

In 2013, the total number of viremic infections was esti-
mated at 233 400 (179 000-246 000) and is projected to
peak in 2025 at 254 600 cases and increase by 5% from
2013 to 2030. The number of HCC cases in 2013 was
estimated at 590 cases and is forecasted to increase by
245% by 2030. Similarly, the number of liver-related
deaths will increase by 230% from a base of 530 deaths,
while decompensated and compensated cirrhosis will



42 H. Razavi et al.

8 09 8F 8r 8€ or 0s 09 (%) +D - YAS
oL IL 0L 0L 0s or 0L 0L (95) €0 - MAS
0L ¥L 0L 0L 08 <9 06 <L (%) T - YAS
8t i 8t 09 13 09 09 Ly (%) 1D - YAS
Td==< =< 0d =< Zd=< d=< d=< 1d=< 0d=< D) - sades pajeal,
=< =< 0d =< d=< 1=< d=< =< 0] =< £0) - S93RS pMRaL],
d=< d=< 04 =< d=< [d=< 0d =< 1d=< 0d=< 7O - safws pajear],
d=< d=< 04 =< d=< Td=< = 14 =< 0d = 1D - saws pawau],
0g 09 09 09 09 09 0s 09 AqIFTA WAWILALL, %
68 - Sl ¥9 - €1 +68- ¢l ¥9 - €1 69 - <1 ¥8- €1 69- 51 69 - 0T age JuauneEdL |,
sjoaoioad Juswear) Juaunyy
000 £€ 08 08 0ZL 0006 068 001 0g¢ AN[ELIOW P21E[al 1A
008 0T1 05T 0zg 001T 00L §T 0L8 0z¢g 00L1 Anepow asned 1y
00s €51 1133 00F 0T8T 00L ¥€ 0911 ozr 0ETT SasEd ||V
Aneuo
¥T ¥ 7 1 <l <l 61 | uoIsnjsuen poojq Snoiaald %
09€ SSF 1 08L 0sL 016 9T 0£6 98T 060 01 ol6t 0861 UOISIYSUET] POO[q SNOLAI]
o 0g € it g LT L5 8¢ NAT 2409V %
0866 0679 06L €1 09¢ ¥ 088 86 0zl 81 05z9 00L 88 NI 2AN3E Jo Jaquiny
SI01XE] §SIY
00€ TOI 06T 00zl 00Er 00F 01 069 OL¥ 00TL 53583 DHD MaN
0T 9 €l 91 9 8 L 8€ (3001 1ad) 2181 vOTAJU]
00F 891 0S¢ 00t 1 009¢ 00L T1 016 08¢ 0088 Sased [e10],
SUOTID2JUT Aan]
I'l S0 | 1 90 I'1 fl "1 (35) 2181 JuatLEal],
8 09 ¢ £8 £ v 9 8¢ (35) MAS 25wy
00z 1€ 09 08F 000€ 0008 08€ 00L 00<1 Paina Jaquinu [enuuy
000 §9 001 088 009€ onL 1t 0lL 0011 009¢ paiEad) IaquInu [Enuuy
paIno 3 poeal],
8 €€ 61 0'¢ <0 Ty ¥z 9'€ (%) a1 pasouselp KjwoN
<l 68 1€ 0L <l £r LE 98 (25) e s1soudeic
000 011 00L 008 009L 000 01 006T 009 00r8 pasouseIp Ajmau [enuuy
00L 898 00€ T1 001 €1 00F 9L1 000 00€ 00L 8T 006 006 00T Sased [210],
(DMUDIIA) PISOUSRIP [R10],
(1'8-¢¢) o< €00 (6050 (ri-Lo (oo F0-1'0) (1180
g ¥0 0 L0 ol 90 £0 0l (35) duageaard onuanp
(S0L9-CLEY) (Lz=L1) (ze-te) (S1£-081) 0oTz-01v1) (08-<2) (ce-8) (nsT-081)
6865 Iz £ st 0r61 L9 €T €T (DO0) SUOTIARJUL JTWAlLA [B10],
009 T8 009< 009 01 (0 £ 001 00T (08 01 00F8 00T £T (000) uonendod s Anunoy
1dAsg yewua  apgnday Yooz EPEUED) [1Zedg] wnis|ag BLISNY RIRISNY

€10 Ul s)seda10} juouyeany pue uonendod pajodjui-ADH ¢ 9lqeL

© 2014 John Wiley & Sons Ltd



43

Present epidemiology of hepatitis C virus

8 19 OF 14 09 8t £C 8 (%) +D - HAS

8 0L <9 0s oL 0L 09 0L (95) €0 - UAS

0L 0L €L R 08 0L 0L 0L (35) TD - ¥AS

g 19 0r e |t 8 |t 0L (35) 1D = AAS

0 =< =< =< =< H=< 0 =< 0d=< 0d =< 0 - sadeis paeal],

0d =< d==< 0d =< Id=< d==< 0d =< 0d =< 0d =< £0) - sadels pamal],

0d =< =< 0d =< Id==< =< 0d =< 0 =< 0d =< 70 - sade)s pajal],

0 =< =< ] =< =< d=< 0] =< 0d =< 0] =< [©) - sadels paeal],

0T 09 09 0s <9 0s 09 09 QU1 U], %

6L Sl 6961 69 - 0T 9 - <1 9 - <1 ¥L-0 FL-%l i aFe quawne |,
sj020101d JUAIEI) JUALINT)

0002 08¢ 0Ll 0061 068 Q0El 0091 068 ANELOW paje|al 1AL

00E] 009 09L 009€ 0L9 006€ 00EE 0oLt Aeuow asned [y

00€ 01 086 0g6 0ose 09gl 00zs 006ty 06l SosED |V
Anpeuop

9C ol t € [ Il €T F4 UOISNJSURL] POO[q snolAal] 4,

061 PEI 0o1s Q081 WOzl 08S 11 00¢ 6T 009 ¥ 00¥T UOISNJSUET POOJQ SNOTADL]
€0 1T 0g r | <l 9T 0r AL 2A09Y %
0TFT 00F L1 0z Tl 09< 91 0STl 00t OF 009 0 006 9< NI 2402 JO Jaquuink

SI01OB] YSIY
00FF 098 0011 00Ee 0L9 001+ 00tE 0062 SASED JHD MmN
L £l ¢l 9 8 9 L L (001 12d) ;es vonaaju)
00ES 001 00t 1 08¢ ors 000s 00Tt 000t SISED [BI0],
SUOTIOAJUT MAN]
80 £l 8T I'g Lo L¥ Y e (25) 21e1 Juaeal],
8 9 ce o< 88 (SN S 0L (25) YAS d8e1aAYy
000¢ 0oL 009 0068 00L 000L 00es 008E paind Iaquinu [enuuy’
0Ly 0oLl [LU1N 0086 008 00L T1 001 01 00Fs PalEAL) QN [Enuuwy’
paina 39 pajeal],
Il £ 13 Tt o1 <l 9 6¢€ (3) 2w posouderp KpwoN
91 6F 8 of e LS 09 %3 {95) 21ea s1souderq
00gs 0oLl 0051 00g S1 00gl 000F 0006 00gs pasouseip {|mau [enuuy
00c 18 009 T€ 008 T 001 061 008 OF 000 £€1 001 #E1 00L 6F SISED [EI0],
(DNUALIA) PISOUSRIP [RI0],
(800 rr—+o €o-zo (T1-80) +'1-6'0) (coTo o-1o (F'0-T0)
L0 ol 0 ol Tl £0 £0 €0 (35) aouaqeaard onwain g
(009-<1t) (Sa-LE) (Sr-81) (0gs-0LE) (or1-<6) (eae-0s1) (EFT-08) torz=<ot)
s £8 54 ELY joa| L9g ol | (000) SUOTIAUT TEUITA [B10],
00s 9L 006L 0056 000 LT 00L 01 008 18 008 £9 00L €5 (000) uonendod s Anuno
AN, PUBLIDZIIMG UdpaIMg utedg [ESNUO] AuBuLIan 20URL] RS

(ponupuod) g dqe,

© 2014 John Wiley & Sons Ltd



44  H. Razavi et al.

increase by 190% and 175% from a base of 1430 and
13 850 cases in 2013.

Austria

The annual number of new cases is considered to have
peaked in 1991 due to high-risk behaviours and a con-
taminated blood supply, and then to have decreased
sharply following blood screening and harm reduction
efforts. In 2013, it was estimated that there were 580
new infections.

The total number of viremic infections peaked in 2003,
with 30 100 cases, declined to 25 400 (8320-34 500) by
2013 and is forecasted to further decline to 14 000 cases
by 2030. The number of HCC cases in 2013 was estimated
at 110 cases and was forecasted to increase by 35% by
2030. Similarly, the number of liver-related deaths will
increase 25% from a base of 100. Decompensated cirrhosis
and compensated cirrhosis infections will peak in 2020, at
25% and 10% above the 2013 base of 200 and 2450, and
will then decrease to 10% and 20% of the base.

Belgium

The annual number of new cases is considered to have
peaked in 1989 due to high-risk behaviours and a contami-
nated blood supply, and then to have decreased sharply fol-
lowing blood screening and harm reduction efforts. In
2013, it was estimated that there were 910 new infections.

The total number of viremic infections peaked in 2003,
with 72 900 cases, declined to 67 100 (24 800-78 600)
by 2013 and is forecasted to further decline to 47 700
by 2030. The number of HCC cases in 2013 was esti-
mated at 300 cases and was forecasted to increase by
110% by 2030. Similarly, the number of liver-related
deaths will increase by 95% from a base of 290, while
decompensated cirrhosis and compensated cirrhosis infec-
tions will increase 70% and 65% from a base of 820 and
7060 in 2013.

Brazil

It was estimated that new cases peaked in 1999 and have
since declined, due to the widespread adoption of blood
screening, to an estimated 11 200 new cases in 2013.

The total number of viremic infections peaked in 1996,
with 2 255 000 cases, declined to 1938 700
(1 411 500-2 098 700) cases by 2013 and is forecasted
to further decline by 35% by 2030. The number of HCC
cases in 2013 was estimated at 9710 cases and was fore-
casted to increase by 95% by 2030. Similarly, the number
of liver-related deaths will increase by 85% from 9000
deaths in 2013. Cases of decompensated and compensated
cirrhosis will increase 65% and 45% from a base of
27 500 and 222 090 cases in 2013, respectively.

Canada

Relative changes in incidence by year were derived from a
Public Health Agency of Canada analysis that included his-
torical estimates of new cases [81]. The peak of new cases
occurred in 1982, with IDU being the main risk factor [37].
In 2013, 5570 new cases are estimated to have occurred.

The total number of viremic infections peaked in 2003,
with 260 000 cases, declined to 252 000 (177 900—
314 800) cases by 2013 and is forecasted to further
decline by 15% by 2030. The number of HCC cases in
2013 was estimated at 730 cases and was forecasted to
increase by 190% by 2030. Similarly, the number of liver-
related deaths will increase by 150% from 720 deaths in
2013. Cases of decompensated and compensated cirrhosis
will increase 90% and 95% from a base of 1790 and
18 510 cases in 2013, respectively.

Czech Republic

The annual number of new cases is considered to have peaked
in 1999 and began to steadily decrease thereafter. It is
believed that the number of new cases arising annually is rel-
atively stable in the light of continued transmission through
IDU. In 2013, there were an estimated 1400 new cases of
HCV.

In 2013, the total number of viremic infections was esti-
mated at 42 500 (21 600-51 800), and it was forecasted
to increase to 43 300 cases in 2022 before declining to
42 200 by 2030. The number of HCC cases in 2013 was
estimated at 90 cases, and it was forecasted to increase by
85% percentage by 2030. Similarly, the number of liver-
related deaths will increase by 90% from a base of 80, while
decompensated and compensated cirrhosis will increase
100% and 105% from a base of 190 and 1830 in 2013.

Denmark

The annual number of new cases is considered to have
peaked around 1990 due to high-risk behaviours and
gradually decreased as interventions aimed at drug treat-
ment centres and prisons became available in the late
1990s. Voluntary blood donation without financial com-
pensation as well as strict exclusion and quarantine cri-
teria for donors are believed to have limited the spread of
the virus from reaching the wider population [82, 83].
Additionally, needle exchange programmes, opium substi-
tution therapy and immunization against hepatitis B have
had an impact on keeping co-infection with hepatitis B
and HIV low [41].

Back-calculating from estimates of “new” IDU incidence
of approximately 575 persons a year (2009) [84] and
assuming that 50% of IDU were chronically infected with
HCV provided an estimated rate of 288 new viremic cases
per year. This was adjusted by an additional 5% to
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Fig. 2 Distribution of the 2013 HCV-infected population by age as a percentage of total number of cases.

account for imported cases (migrants), resulting in 303
new viremic cases annually. In 2013, it was estimated that
there were 350 new infections.

The total number of viremic infections peaked in 2006,
with 21 400 cases, declined to 20 900 (16 700-22 500)
by 2013 and is forecasted to further decline to 17 200 by
2030. The number of HCC cases in 2013 was estimated
at 90 cases and was forecasted to increase by 140% by
2030. Similarly, the number of liver-related deaths will
increase by 130% from a base of 80, while decompensat-
ed cirrhosis and compensated cirrhosis infections will
increase 110% and 95% from a base of 230 and 1870 in
2013.

Egypt

The annual number of new cases was based upon expert
consensus and validated using predicted ranges for inci-
dence from other analyses [85]. The estimated peak num-
ber of new cases occurred in 1970, with a high rate of
annual new cases thereafter, given ongoing transmission
through nosocomial and other routes [86]. There were an
estimated 168 600 new cases in 2013.

The total number of viremic infections peaked in 2002,
with 6 539 000 cases, declined to 5979 800 (4 566
900-6 694 600) cases by 2013 and is forecasted to fur-
ther decline by 26% by 2030. The number of HCC cases in
2013 was estimated at 16 050 cases and is forecasted to
increase by 15% by 2030. Similarly, the number of liver-
related deaths will increase by 10% from 32 950 deaths in
2013. Decompensated cirrhosis infections will peak in

© 2014 John Wiley & Sons Ltd

2016, at 7% above the 2013 base of 137 200, and will
increase 0.6% from 2013 to 2030. Compensated cirrhosis
infections will peak in 2021 at 7% above the 2013 base of
626 160 and will decrease 2% during 2013-2030.

England

The annual number of new cases is considered to have
peaked in 1990 due to a contaminated blood supply and
then decreased as a result of blood screening. A second
peak around 2000 was modelled due to continued IDU
behaviours, based on self-reported needle sharing from
1991 to 2011 [87]. IDU is still the most common route of
transmission, accounting for 90% of laboratory reported
cases between 1996 and 2012 [55]. In 2013, it was esti-
mated that there were 3980 new infections.

The total number of viremic infections peaked in 2007,
with 153 000 cases, declined to 144 000 (103 000-
174 000) by 2013 and is forecasted to further decline to
83 700 by 2030. The number of HCC cases in 2013 was
estimated at 410 cases and was forecasted to increase by
125% by 2030. Similarly, the number of liver-related
deaths will increase by 100% from a base of 390, while de-
compensated cirrhosis and compensated cirrhosis infections
will increase 60% and 55% from a base of 860 and 9500
in 2013.

France

Annual incidence was derived from data from a US study
[81] that was adjusted to match outputs from a French
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Fig. 3 Change in HCV disease burden over time.

HCV model [12]. The estimated peak number of new cases
occurred in 1989, with IDU and blood transfusion identi-
fied as risk factors associated with infection [56]. There
were an estimated 4200 new cases in 2013.

The total number of viremic infections peaked in 2000,
with 274 740 cases, declined to 195 220 (80 650-
201 100) cases by 2013 and is forecasted to further
decline by 56% by 2030. The number of HCC cases will
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peak at 1790 cases in 2014 and was forecasted to
decrease by 83% from 2013 to 2030. Similarly, the num-
ber of liver-related deaths will peak in 2015 at 1630
deaths and will decrease by 76% from 2013 to 2030.
Cases of decompensated cirrhosis will peak at 3670 cases
in 2014 and will decrease 79% from 2013 to 2030. Cases
of compensated cirrhosis peaked at 29 100 cases in 2013
and will decrease 80% from 2013 to 2030.
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Germany

Today, IDU serves as the primary risk factor for HCV; how-
ever, this has not always been the case. In 1978-1979,
2867 young women received HCV genotype 1b-contami-
nated anti-D immunoglobulin during pregnancy [88]. The
single-source outbreak was contained within this cohort,
which has since been well documented and followed up
[88-90]. Prior to 1990, when blood screening was intro-
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duced, individuals were predominantly infected with HCV
via blood transfusions with contaminated blood. Once
blood screening was initiated, the number of acute infec-
tions began to decrease; however, high-risk IDU behaviours
allowed for continued infection. In 2013, it was estimated
that there were 4980 new infections.

Individuals entering the country with an HCV infection
have also influenced the historical distribution of new
cases. Waves of immigration from the former Soviet Union,
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Fig. 4 Change in the number of liver transplants, decompensated cirrhosis cases and HCC cases over time.

Turkey and other Mediterranean countries are thought to [57,91,92]. Predominant nationalities include Russian
have contributed to the estimated 27-37% of infected indi- (19-24%), Eastern European (11-15%) and Turkish (4—
viduals reporting a nationality other than German 6%) [57,91,92]. A study conducted among Turks living in

© 2014 John Wiley & Sons Ltd



50 H. Razavi et al.

England France
3,500 B.000
% 3,000 E i
A 2500 & 6.000
E i 5.000
9 2000 e
£ 2 4000
s B
8 150 2
E £ 3,000
-} L
E 1,000 E 2 000
5 500 5 1,000
: wl D ; ] =] &
F & & £ F P £ £ & & & & £ & £ & &£ §
wLiver Transplant Decomp Cathosis SHCC ®Liver Transpliant Decomp Cirrhosis  WHCC
Germany Portugal

:

4,000

3,000

2.000

1.000

Viremic Infections (by Stage)

g & 8
Viremic Infections (by Stage)
8888888

. - ¥ ’
A . . A S & & & £ F £ £ F
WLiver Transglant = Decomgp Cirhosis  MHCC wLiver Transplant  » Decomp Cirhosis  mHCC
Spain Sweden
18,000 1.000

14,000

12,000

10,000

Viremic Infections [by Stage)
5 EEB

Viremic Infections (by Stage}
EEEEB88B2EE

’ . . .
£ £ & £ &P PSS LA A S A A 4
mLiver Transplant Decomp Cithesss  WHCC W Lieei Transplant Decomp Crrhosis  mHCC
Switzerland Turkey

3,000 16,000
- = 14,000
% 2,500 g,
] & 12000
i =000 % 10.000
w
.E 1,500 E B.000
"E E £.000
g 100 I
£ E 4000
E 200 > 2000

F & & F F S S P S

S L & PP PSP
®Liver Transplant Decomgp Cirrhosis ®HCC SLbver: Trarivglont Dvwcomet Cirhishe. EHCL:
Fig. 4 (Continued).
Turkey and Turks living in Germany found that the anti- estimated by the prevalence of their home country [9,10].
HCV prevalence is similar among both groups, indicating In 2012, there were more than seven million foreign resi-
that the HCV prevalence among immigrants may be best dents and naturalizations [93,94]. Of these, an estimated
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55% were of Turkish origin and 12.5% originated from a
post-Soviet state. Region-specific estimates of HCV preva-
lence from Hope 2013 and Mohd Hanafiah 2013 were
used to estimate the viremic HCV prevalence among immi-
grants and naturalized citizens [1,34]. In total, 140 000—
167 000 foreign cases of viremic HCV were estimated in
2012. This corresponds to ~34% of the total cases of vire-
mic HCV.

The total number of viremic infections peaked in 2003,
with 315 000 cases, declined to 267 000 (152 000-
383 000) by 2013 and is forecasted to further decline to
121 000 by 2030. The number of HCC cases in 2013 was
estimated at 1530 cases and was forecasted to increase by
10% by 2030. Similarly, the number of liver-related deaths
will increase by 10% from a base of 1300. Decompensated
cirrhosis and compensated cirrhosis infections will peak in
2021 and 2019, at 10% above the 2013 base of 2430
and 31 090, and will then decrease to 10% and 20% of
base.

Portugal

To estimate variations in annual incidence over time, his-
torical facts related to the main means of HCV transmis-
sion were considered and correlated with available data on
HIV diagnosis among IDU [95]. The estimated peak num-
ber of new cases occurred in 1992. There were an esti-
mated 810 new cases in 2013.

The total number of viremic infections peaked in 2002,
with 137 000 cases, declined to 125 400 (97 000—
132 000) cases by 2013 and is forecasted to further
decline by 30% by 2030. The number of HCC cases in
2013 was estimated at 1150 and was forecasted to
increase by 80% by 2030. Similarly, the number of liver-
related deaths will increase by 90% from 890 deaths in
2013. Cases of decompensated and compensated cirrhosis
will increase by 105% and 45% from a base of 2410 and
17 920 cases in 2013, respectively.

Spain

The annual number of new cases is considered to have
peaked in 1991 before the implementation of blood screen-
ing protocols and began to decrease thereafter. It is
believed that the number of new cases arising annually is
relatively stable, in the light of continued transmission
through nosocomial transmission. In 2013, there were an
estimated 2810 new cases of HCV.

In 2013, the total number of viremic infections was esti-
mated at 473 000 (371 000-546 000), and it was fore-
casted to have peaked at 530 000 cases in 2003 before
declining to 285 000 by 2030. The number of HCC cases
in 2013 was estimated at 2210 cases, and it was fore-
casted to increase by 105% by 2030. The number of liver-
related deaths will increase by 95% from a base of 1940,
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while decompensated cirrhosis and compensated cirrhosis
will increase 60% and 55% from a base of 4230 and
46 200 in 2013.

Sweden

The spread of HCV infection started comparatively late,
near the end of the 1960s, with culmination in the
1970s as a result of increased IDU [96,97]. In the early
1990s, the number of new infections decreased gradually,
but reached a plateau around the early 2000s. In 2013,
it was estimated that there were 1400 new viremic infec-
tions.

The total number of viremic infections peaked in 2003,
with 43 900 cases, declined to 40 600 (18 000-46 000)
by 2013 and is forecasted to further decline to 31 900 by
2030. The number of HCC cases in 2013 was estimated at
270 cases and was forecasted to increase by 10% by
2030. Similarly, the number of liver-related deaths will
increase by 1% from a base of 170. Decompensated cirrho-
sis and compensated cirrhosis infections will peak in 2016
and 2020, at 20% and 5% above the 2013 base of 430
and 3890, and will then decrease to 15% and 10% of
base.

Switzerland

Hepatitis C virus transmission peaked in the 1990s as a
result of contaminated blood products, but decreased
sharply once blood screening came into effect. Today,
transmission of HCV occurs primarily through IDU [98]. In
addition, the number of HCV cases is significantly influ-
enced through immigration of individuals from HCV ende-
mic countries [99-101].

In 2013, there were approximately 1050 (700-1100)
new cases of HCV, of which an estimated 700 cases
resulted from immigration [101]. From 2002 to 2011,
711 cases of acute HCV were declared in the country
[102]. Assuming these declarations occurred primarily
among symptomatic cases, and that only one in four cases
of HCV are symptomatic [100], we estimated the true
number of new infections to be around 3560 over the 10-
year span. In the same period, it was estimated that as
many as 7000 chronic HCV carriers migrated to the coun-
try [1,101,104]. Annually, this translates to 355 acute
cases and 700 cases entering the country.

The total number of viremic infections peaked in 1996,
with 88 600 cases, declined to 82 700 (37 300-93 000)
by 2013 and is forecasted to further decline to 63 200 by
2030. The number of HCC cases in 2013 was estimated at
400 cases and was forecasted to increase by 85% by
2030. Similarly, the number of liver-related deaths will
increase by 70% from a base of 380, while decompensated
cirrhosis and compensated cirrhosis infections will increase
55% and 50% from a base of 1140 and 8520 in 2013.
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Turkey

The annual number of new cases was considered to have
peaked in 1991 and began to steadily decrease thereafter.
The number of new cases was relatively stable in the light
of low rates of IDU. In 2013, there were an estimated
4910 new cases of HCV. This estimate included an
increase due to immigration from former Soviet Republics
with higher HCV prevalence.

In 2013, the total number of viremic infections was esti-
mated at 514 000 (317 000-540 000), and it was fore-
casted to have peaked at 611 000 cases in 1998 before
declining to 352 000 by 2030. The number of HCC cases
in 2013 was estimated at 2230 cases, and it was fore-
casted to increase by 70% percentage by 2030. Similarly,
the number of liver-related deaths will increase by 70%
from a base of 2020, while decompensated and compen-
sated cirrhosis will increase 60% and 40% from a base of
5590 and 51 100 in 2013.

DISCUSSION

The previous publication [4] reported the historical number
of total infections, viremic infections, diagnosed and treated
cases. However, as the size of these populations changed
over time, it was difficult to compare data from different
countries and estimate treatment and diagnosis rates. In
this study, the size of all populations was forecasted for
2013 using a mathematical model described above.

The total number of HCV infections reported here will be
lower than those reported elsewhere, as this study focused
on estimating the number of viremic cases in the popula-
tion after taking into account all age groups, mortality,
new infections and cured patients. For example, the HCV
prevalence in Egypt was reported to be 14.7% in 15—
59 year olds in 2008 [52], and the prevalence after adjust-
ing for younger and older individuals was estimated at
12% [4]. However, only two-thirds of the infected popula-
tion was viremic, resulting in a viremic prevalence of 8.5%
in 2008. After taking into consideration mortality, new
infections and cured patients, the 2013 viremic prevalence
was estimated at 7.3% (Table 2). Although the viremic
prevalence declined by 1.2%, the actual number of cases
decreased by only 300 000 cases. The increase in Egypt's
population in the last five years was responsible for some
of the decline in estimated HCV prevalence [104].

The model took care to consider all key parameters that
drive disease burden, to allow consistent estimates. It is
important to note that the objective of this model was to
develop forecasts consistent with best available data. How-
ever, the goal was not to develop accurate forecasts. The
latter would require consideration of variables that were
beyond the scope of this work, including policy and macro-
economic factors. Simplifying assumptions, as outlined in
the methodology section, occurred and all attempts were

Table 4 The number of new annual HCV cases required to
keep total infections in 2013 and 2030 constant

Current Number of

number of new cases

new cases required % increase
Australia 8800 7810 —11
Austria 580 1310 126
Belgium 910 2330 156
Brazil 12 700 55 310 336
Canada 5600 9430 68
Czech Republic 1400 1260 -10
Denmark 350 630 80
Egypt 168 600 378 058 125
England 4000 7515 88
France 4200 13 097 212
Germany 5000 15 320 206
Portugal 810 9029 1015
Spain 2800 16 590 493
Sweden 1400 1910 36
Switzerland 1050 2360 125
Turkey 5300 17 400 228

made to provide full transparency. Table 2 and Fig. 2 pro-
vide sufficient data to support the conclusions stated here.
For example, Fig. 2 shows that a large portion of the
infected population in Egypt is older than in many other
countries due to the time of peak infection. Table 2 shows
that an estimated 168 400 new infections occurred in
2013, of which 102 300 went on to have chronic hepati-
tis C (CHC). In the same year, 31 200 cases were cured
and 153 500 individuals with HCV died, resulting in a
decline of 82 400 in the number of infections in 2013
alone.

As shown in Table 2, viremic HCV prevalence ranged
from 0.3% in England to 7.3% in Egypt, with the highest
diagnosis rate represented by countries with a centralized
registry (Australia, Austria, Canada, Denmark, France,
Germany, Sweden and Switzerland). Egypt, Brazil and
Turkey were estimated to have the lowest diagnosis rate
(15-16%), while Australia and Sweden estimated that
more than 80% of their infected population has already
been diagnosed. In addition, it was estimated that 0.5—
4.6% of the infected population is newly diagnosed each
year, with the lower end of the range represented by Bra-
zil and the upper end of the range represented by France.
France also has the highest treatment rate, with 5.2% of
the infected population treated annually. This was fol-
lowed by Germany at 4.7%, Austria at 4.2% and England
at 3.8%. Of the countries studied, Denmark, Brazil, Portu-
gal and Turkey had the lowest treatment rate (0.5%—
0.8%).

The mortality (all-cause and liver-related) was driven by
the age of the infected population (Fig. 2) and risk factors
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(Table 2). The older populations had a higher all-cause
mortality rate. In addition, the disease progression rate
increased with age (Table 1), and older individuals were
more likely to have more advanced liver disease and asso-
ciated liver-related deaths. As stated in the methodology
section, active IDU cases also had a higher mortality rate
due to the high-risk behaviour associated with injection
drug use. Table 2 presents the percentage of the infected
population who are actively injecting drugs. The all-cause
mortality was adjusted accordingly for this portion of the
population.

In each country, the details of the current treatment
protocols were gathered. For the purpose of the model, it
was assumed that the number of treated patients, eligibil-
ity, the number of newly diagnosed cases, SVR and treated
patient segments would remain constant between now and
2030. This was not meant to be a realistic scenario, but
was rather a baseline that could be used to compare the
impact of new strategies to manage the future disease bur-
den [105]. Thus, this work does not imply that the current
treatment paradigm will remain as it is today. Instead, the
scenarios shown here represent what would be the out-
come if the current paradigm stayed the same.

This analysis forecasted that the total number of HCV
infections is expected to decline in 2013-2030, except for
the Czech Republic, which will remain flat (Fig. 3 and
Table 3). As shown in Fig. 2, the infected population in
Czech Republic is younger than other countries due to the
later entrance of the epidemic, owing to geographical bar-
riers, limited immigration from endemic countries and a
delayed surge in IDU [4]. The age distribution of the HCV-
infected population was determined from reported age and
distribution, described in more detail elsewhere [4]. The
model was calibrated to fit the historical data, and the out-
puts shown here were the result of aging of the infected
population after taking into account new infections, mor-
tality and cured. Countries where IDU was a key risk factor
(e.g. Australia, Canada, Czech Republic, Denmark, England
and Sweden) had a younger age distribution relative to the
other countries studied, as most new infections occurred in
young individuals in their early twenties and thirties. The
same was true of countries where most of the HCV infec-
tions occurred recently (e.g. Czech Republic and Portugal).
On the other hand, in countries where nosocomial infec-
tion was a major risk factor (Egypt and Turkey), an older
infected population was observed. The majority of these
infections occurred prior to 1990, and the new infections
were not limited to youth.

The future number of HCV infections was determined by
mortality, the number of cured patients and new cases.
The relationship between mortality and the age distribu-
tion of the infected population was already discussed. The
most dramatic example of the impact of treatment rate on
the total number of HCV infections was observed in
France, where a high level of treatment with Peg-INF/RBV

© 2014 John Wiley & Sons Ltd

Present epidemiology of hepatitis C virus 53

starting in 2000 led to a marked decrease in the number
of infections (Fig. 3). Prior to 2000, standard IFN was
used, which had a lower SVR.

While the total number of infections is expected to
decline in most countries, the number of cases with more
advanced liver diseases is expected to increase (Table 3 and
Figs 3 and 4). As the infected population ages, HCV-
infected individuals will advance to cirrhosis, decompensat-
ed cirrhosis and hepatocellular carcinoma (HCC). As shown
in Fig. 4, the number of HCC and decompensated cirrhosis
is expected to increase across the board with the exception
of France. France was a noted exception among the coun-
tries studied. It was estimated that 10 100 F2-F4 cases are
treated in 2013 at an average SVR rate of 60%. If the cur-
rent treatment rate and efficacy continued in the future,
the patient pool advancing to HCC and decompensated cir-
rhosis would be depleted. In other countries (Austria, Egypt,
Germany and Sweden), the number of HCC and decompen-
sated cirrhotic individuals will peak before 2030. This is
due to the age of the infected population (Egypt), where
mortality overtakes disease progression or is the result of a
high treatment rate that prevents progression of patients
(Austria, Germany and Sweden). Austria represents a spe-
cial case, where a high number of liver transplants in the
HCV-infected population leads to similar numbers of decom-
pensated cirrhotic and HCC cases (Fig. 4).

There were a number of limitations that could impact
the outcomes from this study. The model used the annual
number of new cases and tracked their progression over
time. As described earlier, distribution of new cases from
1950 to the year of available data was back-calculated
using relative incidence and allocation of the new cases by
age and gender. This methodology was surprisingly robust.
The combination of known prevalence and the correspond-
ing age and gender distribution provided a very limited
number of solutions that could match published data. In
addition, if there were two HCV prevalence estimates, it
was possible to estimate the number of new infections
required to match the observed decline or increase [85].
The end result was an estimated number of HCV infections
in a given year that matched published data [4] both in
terms of total cases and the age/gender distribution. How-
ever, it was more difficult to estimate the number of new
infections after the year of known prevalence. In every
country, an analysis of the key risk factors was used to
estimate the more recent number of new infections. Factors
considered were new HCV infection among IDU, continued
nosocomial infection and impact of immigration on the
new cases of HCV. A linear trend was used to forecast
future annual number of new cases. However, published
data [87] show an erratic number of new infections among
IDU. A limitation of this study is the assumption that the
number of new cases will remain constant or linear after
2013. Higher number of new infections could result in
higher total number of infections in 2030.
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An analysis was conducted to identify the annual number
of new cases to keep the total number of HCV infections con-
stant in 2013 and 2030. The results are shown in Table 4.
In some countries (Australia, Czech Republic and Sweden),
very little or no increase in new cases is required to keep the
total number of infections constant. In other countries, the
annual number of infections has to more than double to see
a flat number of HCV infections.

A further limitation of this analysis is the assumption
that sufficient numbers of diagnosed patients will be avail-
able for treatment. In reality, as the diagnosis rate
increases, it will become more difficult to find undiagnosed
patients. In addition, diagnosed patients may not have easy
access to care. Thus, the ability of a country to treat its
HCV population may be limited by the number of available
diagnosed eligible patients.

In addition, the model does not consider the progression
of cured HCV patients. Studies have shown that more
advanced patients may continue their disease progression
after achieving SVR, although at a slower rate [5]. The
data presented here may overestimate the reduction in
HCC and decompensated cirrhosis cases, as the scope of
the analysis was limited to HCV viremic individuals.
Another element not addressed by this model is potential
contribution of extrahepatic manifestations of HCV infec-
tion on all-cause mortality.

In conclusion, this study demonstrated that the total
number of HCV infections is projected to decline in nearly
every country studied due to a reduction in risk factors for
new infections (e.g. screening of blood supply), aging of
the infected population and the corresponding increase in
mortality, and treatment of infected individuals. However,
even though the total number of infected individuals is
expected to decline, those who remain infected are
expected to progress to more advanced stages of liver dis-
ease, and thus a sharp increase in HCC, liver-related
deaths, decompensated cirrhosis and cirrhosis cases are
expected. Thus, the HCV disease burden will not be con-
trolled by the current treatment paradigm. Increased treat-
ment and/or higher efficacy therapies are needed to keep
the number of HCV individuals with advanced liver dis-
eases and liver-related deaths from increasing. This sug-
gests that strategies are required to manage the expected
increase in HCV disease burden.
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